Respiratory syncytial virus (RSV) is a leading cause of mortality and morbidity in young infants, little was known on its circulation types and patterns in Morocco. We conducted a prospective study using sentinel-based influenza surveillance to detect RSV by real time PCR in patients with acute respiratory infections, enrolled during two seasons (2014/15, 2015/16). During September 2014-April 2016, we obtained 1450 specimens, of which 267(18.4%) tested positive for RSV. The proportion of positive RSV infection was higher in patients hospitalized with acute respiratory infection compared to those with mild symptoms in out-patient clinics. The proportion of RSV infection was highest in children aged 0-6 months (45%; P < 0.001). Higher positivity rate was observed between months of December and March. RSV remains important viral etiological agent causing influenza-like illness and severe acute respiratory infections especially among infants in Morocco. Further surveillance, is required to understand better the risk factors of RSV infections.
Introduction
Respiratory syncytial virus (RSV) is a leading cause of severe respiratory disease in infants, young children and immunocompromised and elderly populations worldwide with highest burden of disease in low-income and middle-income countries. (1) . The RSV infects more than 60% of children in their first year of life (almost 100%) by age of 2 years) with peak hospital admission from RSV-related disease at 2-3 months. (2) . In Morocco, 13% of paediatric deaths during 2012 were due to acute respiratory infections (3) . The burden of RSV as attributable cause of death amongst these paediatric patients remained unknown.
Although respiratory infections can be caused by bacteria and fungi, viruses remain the most frequent etiological agents (4). Respiratory syncytial virus (RSV) is recognized to be the most important viral pathogen causing acute lower respiratory tract infection in young children less than five years of age causing seasonal outbreaks worldwide (5, 6) . While RSV is a common agent of respiratory infections causing bronchiolitis, pneumonia, and chronic obstructive pulmonary infections in people of all ages, RSV is also responsible for nosocomial infections resulting in prolonged hospital stay in intensive care units resulting in worsening the prognosis of the patients. RSV is seasonal, occurring in the winter months in temperate climates (7) .
RSV is a non-segmented negativesense single-stranded enveloped RNA virus that belongs to the family of Paramyxoviridae, genus Pneumovirus, subfamily Pneumovirinae. There are two subgroups of the virus, A and B, which distinguishes on both genetic and antigenic sides (8) .
In Morocco, there are limited data on the circulation of RSV, its sub-types as well as the pre-dominant epidemiological and clinical characteristics of the RSV infection. In an effort to address this gap, virological data from the existing influenza surveillance system in the country was used to understand characteristics and circulating patterns of RSV in patients with acute respiratory infections admitted in either hospitals or seen at out-patient clinics in Morocco over the period of 2014-2016.
Methods

Study design and case definition
The Ministry of Health of Morocco established a sentinel-based influenza surveillance system in 1996 (9). The surveillance system for influenza and influenza-like illness (ILI) was revamped in 2014 that currently includes-(i) surveillance system for severe acute respiratory infection (SARI) using the WHO's case definition for SARI (10). The system collects data from 8 public sector general hospitals located in all the eight regions in the country; (ii) surveillance system for influenza-like illness (ILI) using the WHO's case definition for ILI (10). The system collects data from out-patients over 425 out-patient clinics in both public and private sector.
While the SARI surveillance is conducted throughout the year for hospitalized patients. Both epidemiological and virological data are collected from all SARI cases that meet the WHO's case definition for SARI. The patients admitted in either paediatrics, pneumology or internal medicine are enrolled for the SARI surveillance system.
The surveillance system for ILI is conducted in 375 public sector outpatient clinics and aggregated data (number of ILI cases out of total consultations, etc) on total ILI and ARI consultations are collected from all these 375 public sector clinics. Of these, 8 out-patient clinics collect specimen for virological testing only. The first five cases meeting the WHO's case definition for ILI are enrolled for specimen collection.
In addition to the public sector clinics, the ILI surveillance system in Morocco also uses a private practitioner network comprising of 50 physicians (including general practitioners, pediatricians and lung specialists) located in 9 large cities across the country (Tanger, Fès, Meknès, Oujda, Casablanca, Rabat, Marrakech, Agadir and Laayoune). The physicians enroll the first 5 ILI cases per day during October through April for specimen collection
For the purpose of understanding the circulation and characteristic of circulating RSVs, the National Influenza Center (NIC), based in Rabat, Morocco, collected and tested the patient's specimens from its existing influenza surveillance system for RSVs over a period from September 2014 to April 2016. Additional epidemiological data using a standardized data collection instrument were also collected from 8 SARI and 33 ILI sites. Patient's specimens from a total of 1450 patients meeting the case definition for either ILI and SARI were collected.
Sample and data collection
Both nasopharyngeal (NP) and oropharyngeal (OP) swabs were collected from 1450 patients who met the case definition for either ILI or SARI. The specimens were placed in tube containing 3 mL of viral transportation medium (ViCUM ® ), stored at 4°C at the health facilities, and sent to the NIC within 48hours. A standardized questionnaire with patient-specific information (medical history, clinical symptoms, demographic and epidemiological data) was filled up by trained personnel.
Nucleic acid extraction
Total nucleic acids were extracted automatically from 400 µL of samples, using a High Pure Viral Nucleic Acid Kit and iPrep ™ instrument, according to the manufacturer's instructions (Lifetechnologies, Carlsbad, USA), thereafter (RNAse P) was considered as the internal control during extraction of human specimens. 100µL of extracted nucleic acids were stored at -70°C until processing.
Detection of RSV& Influenza by real time RT-PCR
All enrolled patients were tested for both influenza and RSV viruses. Detection of these two viruses was performed in 5µL volume using Invitrogen ® Superscript III Platinum ® One-step RT-PCR, amplification and reaction conditions were in accordance to the protocols developed by Centers for Disease Control and Prevention (CDC; Atlanta, GA) (11, 12) ,with an ABI 7500 Fast Sequence Detection System.
Subtyping of RSV by real time RT-PCR
The real-time RT-PCR for Subtyping RSV was performed with primers specific to the N gene of RSVA and RSVB, the amplification protocol was 50 • C for 30 min, followed by 95 • C for 2 min, and then by and 45 cycles of 15 s at 94 • C, and 35 s at 55 • C (13, 14) .
Statistical analysis
To describe the temporal distribution of RSV positive cases, we aggregated RSV results as obtained by RT-PCR by calendar month and week. Demographic, clinical and virological data for all enrolled patients were entered into a database created using Epi Info 7.1. Group comparisons were performed using χ2 or Fisher's exact test for the dependency/relationship between two variables. P-values <0.05 were considered statistically significant. Data analysis was conducted using the same software.
Ethical considerations
The protocol was approved by the Ministry of Health for the objective of conducting surveillance of respiratory diseases with epidemic potential, in which participants remain anonymous, and therefore did not require an assessment of the ethics committee or IRB approval. Verbal consent was obtained from all patients.
Results
Demographic characteristics
During the period of 2014-2016, patient's specimens were collected from 1450 patients meeting the WHO's case definition for ILI and SARI from all age groups from 41 sentinel sites for SARI and ILI. An NP/OP swab was collected from all those patients. Of those, 842 (58%) patients specimens were collected from the ILI sites while the remaining 608 (42%) patients specimens were enrolled from the SARI sentinel sites. The proportion of females was slightly greater than the proportion of males whose specimens were collected during the period of 2014-2016. (52.2% vs. 47.8%). The mean age in years of patients was 24.41 years (±23.69) and the median age was 18.00 years [0.08-89.00]. A total of 503 cases (35%) were younger than 5 years, 608 cases (42%) were aged between 5-49 years while 283 patients (20%) were older than 50 years (Table 1) . Among the eight regions, highest number of patients specimens were collected from Fes-Meknes (549/38%) followed by Rabat -Sale -Kenitra (405/28%). Patients were enrolled for this study throughout the year but during the first quarter (January-April), the number of enrollment was higher compared to other quarters.
Detection rates of RSV, percentages of positives and subgroups
Of the 1450 specimens tested from both ILI and SARI, a total of 267 specimens were positive for RSV by RT-PCR resulting in the detection rate of 18.4% (267/1450). The detection rate for RSV, plausibly, was comparably higher amongst the patients presenting with SARI than ILI (73% vs. 27%). The proportion of RSV infection detection was highest in children (P <0.001), aged between 0-6 months (45% ;121/267) followed by those aged between 7-23 months old (19%; 52/267), children aged between 2-4 years (12%;(31/267) and adults between 15-49 years (9%; 25/267).
We were able to determine the subtypes of RSV in all 267 samples that were positive for RSV. During 2014/15 season, 92%(80 of 87) of RSV strains were sub-typed as RSV A which was the predominant strain compared to only 8%(7 of 87) of RSV strains sub-typed as RSV-B.On the other hand, RSV B was the predominantly circulating during 2015/16 season accounting for 70.5% of all RSVstrains circulating in the country during this period (127 patients with RSV Group B among 180 RSV positive samples in 2015/16) ( Figure 1 ).
RSV seasonal distribution and co-circulation with influenza viruses
Throughout the period under observation, the RSV showed a periodic circulating pattern. Positivity rate is predominately observed to have occurred from November to March of the year (during the fourth and the first quarters of year each season; P <0.001); peaks were detected during week 52 of 2014 and week 03 of 2016 ( Figure 2) .
The largest proportion of samples (89%) were collected from patients in main five regions of the country-: Fes-Meknes, Rabat-Sale-Kenitra, Souss-Massa, Beni mellal-Khenifra and Oriental. Most of RSV-positive samples (97%; P <0.001) were collected from these 5 regions. During the period of 2014-2016, both the RSV and Influenza viruses ( Table 2) were also observed to be co-circulating (18%; 267/1450 versus 31%; 447/1450)
Clinical manifestations
For all age groups, the commonest presenting symptoms of RSV-positive cases were cough (92.1%; P <0.001). The onset of symptoms for RSVpositive patients was in 19% of patients within 10 days of admission while it was 81% for RSV-negative patients (81%; P = 0.145). Fever (>37.5 C) was (10) Beni mellal-Khenifra 98 (7) 27 (10) 71 (6) Oriental (Oujda) 88 (6) 9 (3) 79 (7) Tanger-Tetouan 92 (6) 4 (2) 88 (7) Marrakech-Safi 52 (4) 4 (2) 48 (4) Laayoune-Dakhla 7 (0) 0 (0) 7 (0) 
Season
Discussion
Using data from sentinel-based surveillance system for influenza, we report for the first time ever the circulating patterns of RSV in Morocco during 2014-2016. We have detected RSV by singleplex Real-Time RT-PCR in patients with severe acute respiratory infections who were enrolled in the sentinel-based influenza surveillance network in Morocco during the period of 2014-2016. Among the patients whose specimens were collected during 2014-2016 from the SARI and ILI sentinel sites, the rate of RSV positivity was 18.4% . Although, RSV was detected in all age groups, the proportion of positive cases for RSV was comparatively higher in children aged between 0-6 months amongst all age groups which was statistically significant. Children below 5 years of age comprised of 35% of all patients enrolled in this study while the RSV detection rate in children under 5 years of age was 76%. This rate was high compared to the findings reported in USA and Turkey with 18% and 24.5% respectively (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) .Similar to our findings, Weber et al. reported higher percentage of RSV-infection in children less than 6 months of age in developing countries (16) . In this study, the higher percentage of RSV infection among infants may probably be due to nosocomial spread of the virus within paediatric care units during the high circulating season of RSV. However, there is no data to substantiate this assumption. Indeed, some authors suggested RSV as the major cause of nosocomial outbreak during its annual outbreaks, specially among the children admitted in the paediatric unit (17) .
Consistent with other studies (1, (4) (5) (6) , we also found that proportion of patients with respiratory illness who tested positive for RSV varied with age, with the highest overall detection rate occurring in infants less than 6 months of age during 2014-2016 (45%; P < 0.001) making this age category the highest priority target population for the candidate vaccines (1, 18) .
The circulation of RSV follows a clear seasonality pattern. In temperate climate, RSV usually circulates during the winter season from November to April. Epidemics of RSV occurs when the circulation of influenza virus peak in the period from October through April (9) . Although no clear seasonal pattern on the circulation of RSVs could be gathered from these data, the detection rate for RSV-positive infection was highest from November to March every year (during the fourth and the first quarter; P <0.001) while the detection rate was observed to have peaked in our study during week 52 of 2014 and week 3 of 2016. Similar circulating pattern has been observed in other temperate countries, where RSV-positive infection rate begins in late fall or early winter, peaks between mid-December and early February, and offset in late spring (7, 8, 16) . Alternating strong early onset epidemics with more moderate and later epidemics have also been reported in the temperate region (19) .
The data reveal that that RSV positivity was highest among patients enrolled from five regions (Fes-Meknes, Rabat -Sale -Kenitra, Souss-Massa, Oriental and Beni mellal-Khenifra) reaching to a combined rate of approximately 97%. This could be due to fact that these regions are most populated in Morocco and therefore, comparatively higher numbers of patients were enrolled (89%) from these regions than the other remaining regions in the SARI and ILI surveillance system.
In addition to the higher percentage of RSV infection in infants aged 0-6 months, we also observed in our study that 40% of these infants infected with RSV did not have fever as the predominant presenting symptom during 2014-2016. Indeed, WHO reported that nearly half of RSV-infected children do not show fever as the presenting symptom (20) . Another report found that the burden of RSV would have been under-estimated by 50-85% among young children if only SARI and ILI case definitions are used to pick up a probable RSV infected children. This underlines the importance of using WHO's case definition for ARI as more suitable and highly sensitive for RSV surveillance amongst children (21) .
In our data, both subtypes of RSV were detected during each season. While higher number of RSV group A viruses (92%) were detected amongst patients who were tested positive for RSV during 2014/15, the pattern was changed during the following season of 2015/16. During this period, there was a decline in the circulation of RSV group A viruses and RSV group B viruses predominantly circulated during this season accounting for 70.5% of all RSVinfected cases. Esposito et al. reports that RSV has complex circulation patterns characterized by periodic replacement of the predominant genotypes with new one during successive epidemic seasons (22) . Additional investigations are needed to determine the genotypes of RSV strains circulating in Morrocco, since many reports described the novel RSVA genotype ON1 in the world as well as the increasing spread of the RSV group B virus genotype BA.
There are several limitations to the way these data presented in this manuscript need to be interpreted. First, our sample size was small. We did not collect swab specimens from all patients meeting the case definition for ILI and the possibilities that some SARI patients that were eligible for enrolment were not included for patient's specimen collection owing to either incorrect use of case definition or selection bias cannot be ruled out. Hence there are possibilities for sampling bias in some cases. Second, data on the full epidemiological spectrum of patients positive for RSV infection including the risk factors were not collected. Third, owing to small sample size, the association between RSV subtypes and other clinical and epidemiological characteristics and severity of infection could not be established. Fourth, to establish seasonality of the RSV's circulating patterns, more time-series analysis of data are required over 3 to 5 year period. Finally, the molecular characterization of the RSV group viruses could not be done during this study.
Conclusion
This study underscored the importance of RSV as a viral aetiological agent causing both mild and severe acute respiratory infections in Morocco, especially in children aged less than 5 years. Additional sentinel based surveillance embedded in influenza surveillance will be required to be established in order to fully understand the burden of disease caused by RSVs including epidemiology, seasonality and risk factors for the RSV infection in Morocco. Further research will also be required using molecular epidemiology for characterization of predominantly prevalent RSV strains in different regions of Morocco and its prevalent age groups for early detection of emerging genotypes responsible for causing periodic outbreaks.
